The NeNa and the MgAl cycles play a fundamental role in the nucleosynthesis of asymptotic giant branch stars undergoing hot bottom burning. The 23 Na(p, γ) 24 Mg reaction links these two cycles and a precise determination of its rate is required to correctly estimate the contribution of these stars to the chemical evolution of various isotopes of Na, Mg and Al. At temperatures of 50 T 110 MK, narrow resonances at E p = 140 and 251 keV are the main contributors to the reaction rate, in addition to the direct capture that dominates in the lower part of the temperature range. We present new measurements of the strengths of these resonances at the Laboratory for Underground Nuclear Astrophysics (LUNA). We have used two complementary detection approaches: high efficiency with a 4π BGO detector for the 140 keV resonance, and high resolution with a HPGe detector for the 251 keV resonance. Thanks to the reduced cosmic ray background of LUNA, we were able to determine the resonance strength of the 251 keV resonance as ωγ = 482(82) µeV and observed new gamma ray transitions for the decay of the corresponding state in 24 Mg at E x = 11931 keV. With the highly efficient BGO detector, we observed a signal for the 140 keV resonance for the first time in a direct measurement, resulting in a strength of ωγ 140 = 1.46 +0.58 −0.53 neV (68% CL). Our measurement reduces the uncertainty of the 23 Na(p, γ) 24 Mg reaction rate in the temperature range from 0.05 to 0.1 GK to at most +50% −35% at 0.07 GK. Accordingly, our results imply a significant reduction of the uncertainties in the nucleosynthesis calculations. Asymptotic Giant Branch (AGB) stars provide a major 2 contribution to the synthesis of the elements in the cosmos 3 and specifically to the chemical evolution of stellar clusters 4 and galaxies. The more massive AGB stars (M 4 M ) 5 undergo proton captures at the base of the convective en-6 velope (hot bottom burning, HBB) [1, 2]. When the con-7 vective envelope extends down to the H-burning shell, the 8 ashes of the CNO, NeNa and MgAl cycles appear at the 9 stellar surface. The coupling between convection and nu-10 clear burning is responsible for the synthesis of various 11 isotopes of Na, Mg and Al.
Introduction
; prior studies of 23 Na(p, γ) 24 Mg are described 20 below. E p = 309 keV is the principal component of the reaction 31 rate at higher temperatures, up to T = 1 GK. The rela-32 tive importance of each contribution for the reaction rate 33 at different temperatures is illustrated in Fig. 1 . The reac-34 tion rate calculations shown in this figure use the current 35 best upper limit for the strength of the 140 keV resonance 36 quoted in the literature [9] and treated as in [10] . Strengths 37 of the 251 keV and 309 keV resonances have been measured 38 by [12, 13, 14, 15] ; and the calculations presented in Fig. 1 39 use the values as compiled in [16] . Information on the di- Table 1 . Ep (keV) [18, 19] , [17, 9] [16] [16] 140.2(42), 250.9(2) 308.75 (6) tables were generated using SRIM 2013.00 [33] .
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189
Branching ratios and resonance strengths were de-190 termined solving the system of equations: The strength of the resonance at E p = 251 keV is known 227 with a larger uncertainty of about 33% (Table 1) ing ratios are given in With the yield of the long run on the resonance plateau 247 and using the same target stoichiometry as in the analy- 23 Na(p,γ) ROI Figure 4 : Comparison of sum energy spectra for a target made from unfavorable raw material (large beam-induced background, blue) and an example of an analyzed spectrum taken with a cleaner target (red, 147 keV, 9.0 C). The modeled background contributions are shown to demonstrate the influence of 7 Li(p,γ) 8 Be and 11 B(p,γ) 12 C on the 23 Na(p, γ) 24 Mg ROI. The inset shows the result (best fit) of a sum energy spectrum for one of the possible branching ratios of 23 Na(p, γ) 24 Mg, with the binning used for the Bayesian analysis. See text for details.
Using the sum spectrum at energies above the to-293 tal gamma-ray energy expected for the 23 Na(p, γ) 24 Mg 294 reaction, we obtained constraints on the background-295 contributions from 7 Li and 11 B to the 23 Na(p, γ) 24 Mg ROI.
296
A Bayesian approach using Poisson-likelihood for the bin with an excess over zero of more than 2 σ for the first time. To understand the potential impact of our results, we 378 performed a network calculation for a constant T = 80 MK 379 and ρ = 10 g/cm 3 . The outcome of this calculation is
